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DMD: Duchenne muscular dystrophy; ??????????????? 
iPS ??: induced pluripotent stem cells; ???????? 
Ad.CAG-mMyoD: CAG ??????????? MyoD ???????????
????? 
DAPC: dystrophin-associated glycoprotein complex 
βDG: β-Dystroglycan 
αDG: α-Dystroglycan 
bHLH: basic helix-loop-helix 
CAR: coxsackie-adenovirus receptor 
EGFP: enhanced green fluorescent protein; ??????? 
ires: internal ribosome entry site 
cMyoD-ires-EGFP: MyoD ??? EGFP ?????????? 
cMyoD-ires-Cherry: MyoD ??? Cherry ?????????? 
cCherry: Cherry ????????? 
Ad.CAG-mMyoD-ires-EGFP: CAG???????????MyoD???EGFP?
???????????????? 
Ad.CAG-EGFP: CAG ???????? EGFP ???????????????
? 
Ad.CAG-mMyoD-ires-Cherry: CAG ??????????? MyoD ??? Cherry
????????????????? 
? ??
Ad.CAG-Cherry: CAG ???????? Cherry ??????????????
?? 
DMEM: Dulbecco’s modified Eagle’s medium 
CPE: cytopathic effect; ?????? 
rpm: round per minutes; ????? 
TCID50: 50? Tissue Culture Infectious Dose 
PFU: plaque-formation unit; ???????? 
FBS: fatal bovine serum; ?????? 
MOI: multiplicity of infection; ????? 
PBS: phosphate-buffered saline; ?????????? 
hCK-M: human creatin kinase muscle isoform 
MHC: Myosin Heavy Chain; ?????? 
IP3: inositol trisphosphate; ?????????? 































? ???? ??????? 
 
? 1986 ???????? Kunkel ?? DMD ???????????????








????????????? NH2 ?????????????β ?????
??????????????????????????????????















? ???? MyoD 
 
? 1979 ??Taylor ? Jones ? 10T1/2 ??? 5-?????????? DNA ?
??????????????????????????????????
???[24]????????Weintraub ?? 5-??????????????





???? MyoD ???? 
? MyoD ? bHLH?basic helix-loop-helix????????????????
DNA ?????????????? HLH ????????[25]?bHLH ??
????? E ???? HLH ??????????????????????
??????? DNA ?????????????? E ?????????
?????????????????MyoD ???????????????
??????????????? MyoD ????????????????
???????Id ??? 4 ???????????????????bHLH
?????????????????????[26]?HLH ??????? Id
??bHLH ????????????????DNA ???????????
??????????????Id ??????? DNA ????????Id




?????Id ?????????????????????? Id ?????
?????? MyoD ??????????????? 
 
 
? ???? ?????????????? 
 
? ???????? 1953 ?? Rowe ???????????2 ?? DNA ?








??????????? 5 ????????E1 ??? E3 ????????
???E1 ??????????????????????????????




















????????????????EGFP ??? Cherry ?????????
?????????????????2 ????????????????
internal ribosome entry site?ires????????CAG ??????????
?? ires ??????????????????????????????
??????????????Ad.CAG-mMyoD?EGFP ???? Cherry ??
?????????Ad.CAG-mMyoD-ires-EGFP?Ad.CAG-mMyoD-ires-Cherry?
??????????????? Ad.CAG-EGFP?Ad.CAG-Cherry ? 5 ??
??????????????? 2??Ad.CAG-mMyoD ??? Ad.CAG-EGFP
??????????????[17, 30]?????????????????





   






























? ???? ???? 
 
???? ? ? ?????????? 
 
?? cMyoD-ires-EGFP 
? ?????????pEB6SRGFP ????? EcoR??????????????
??????????????? Klenow?????????????????
????????????????????pCAG-ires-Cherry ?? ires ??
????? EcoR?????????????????, ??, ??????
Sma??????????????????????????????????
? ires ???????pires-EGFP ??????????pCAG-MyoD ??
EcoR?????? MyoD ??????pires-EGFP ? EcoR?????????
pMyoD-ires-EGFP ????????pMyoD-ires-EGFP ?? MyoD-ires-EGFP
??????????? Not???????????????????????
?????????? Klenow ???????????? pAxCAwit








????????? MRF4 ????????????EcoR????? Xho?
? ???
???? Klenow ??????????????????pMyoD-ires-Cherry
????????pMyoD-ires-Cherry ?? MyoD-ires-Cherry ???????
???? BamH???? Sal????????????????????????
Mungbean???????????????????????????????
pAxCAwit ? Smi???????? cMyoD-ires-Cherry ????? 4?? 
 
??cCherry 
? pCAG-ires-Cherry ?????? BamH??? Cherry ????????
pGEM-11zf ? BamH?????????? pCherry ????????








?????????GENECLEAN? ? Kit?MP Biomedicals, ??, ????
????????? DNA ??????DNA ??????????????
??????????????????????????????????
???????????????????? Klenow ????? Mungbean
??????DNA Ligation Kit?Mighty Mix?????????????????
????? DNA ???????  
? ???
 
? 3.? cMyoD-ires-EGFP ??? 
cMyoD-ires-EGFP ??????????????????????????
pCAG-ires-Cherry ?? ires ????????pEB6SRGFP ?????????
pires-EGFP ?????????????? pCAG-MyoD ??????? MyoD ??
???????? pMyoD-ires-EGFP ????????? MyoD-ires-EGFP ?????



























































? 4.? cMyoD-ires-Cherry ??? 
cMyoD-ires-Cherry ??????????????????????????
pMyoD-ires-EGFP ?? MyoD ????????pMXs-MRF4-ires-Cherry ?????
pMyoD-MRF4-ires-Cherry ??????????MRF4 ?????????????













































? 5.? cCherry ??? 
cCherry ??????????????????????????pCAG-ires-Cherry





































???? 1 ????????? 
 
? ?????????? DMEM?High Glucose???????, ??, ???
?????????????????Sigma-Aldrich, ??, ???100U/mL?
1? GlutaMax supplement?Invitrogen, ??, ??? ?????FBS ????
?? 10???????????10% FBS-DMEM??293 ???ATCC, Manassas, 
USA?? 10? FBS-DMEM ?? 37??5? CO2 ?????????293 ??
? 6 cm ?????? 100?????????????? 2 ???????
??????????????? BspT??????????????????
??????????????????????????????????
??Hily Max?????, ??, ??????? 6 cm ??????????
293 ?? 1 ????????????????37??5? CO2 ??????
???????????????????????????? 6?????
???????????? 293 ?????????????????? 293
??????????? 11 mL ? 10? FBS-DMEM ??????2 ????
??????????????????????????? 10 ?????
???????? 10 ????? 2 ?????????? 96 ???????
? 100 μL /?????????????????????5 ???10 ???
????????? 10? FBS-DMEM ? 50 μL???????7?15 ???
CPE????????????????????????????????














Transfect ion  
?E1 ?E3 
?????????? DNA 













???? 2 ????????? 
 
? 293 ????? HeLa ??? 10? FBS-DMEM ?? 37??5? CO2 ???
??????1 ?????? 10 μL? 70?100?????????????
? 24 ????? 293 ????? HeLa ??? 5? FBS-DMEM 100 μL???
????15 ????????????????????????????
??????37??5? CO2 ?????????1 ???????5? 
FBS-DMEM ? 500 μL????????????3 ???HeLa ???? CPE
??????293 ??? CPE ?????????? 293 ?????????




???? 3 ????????? 
 
? 2 ?????? 100 μL??15 cm ?????? 70?100????????
?????? 293 ??? 5? FBS-DMEM 5 mL ???????15 ????
??????????????????????????????37??5? 
CO2 ?????????1 ???????5? FBS-DMEM ? 15 mL ????
????????3 ??????? 293 ??? CPE ???????????
??????????????????? 6 ????4??3000 rpm?10 ?







? ??????????????3????? 50 μL? 293????????
3 ????? CPE ??????????????????????????
?????? 6 ???????????????????????????
?????????????????4??3000 rpm?15 ????????
????????????????????? 4.0 M, 2.2 M ???????
-10 mM HEPES????????, ??, ??????pH 7.4???????
??????????4??25000 rpm?120 ??? ?Beckman SW28 rotor?
?????????? 5 mL ?????21G ??????????????
?????????????????????-10 mM HEPES ?????
??4.0 M, 2.2 M ???????-10 mM HEPES ???pH7.4???????
???????????4??35000 rpm?180 ?????Beckman SW41 rotor?
?????????? 5 mL ?????21G ??????[31]??????
????????????????????18G ????????????
????? 1 M HEPES 50 mL, 0.5 M EDTA????????, ??, ??? 
10 mL, Glycerol????????, ??, ??? 50 mL ?????H2O ??





? ????????????????????? 5? FBS-DMEM ? 10 ?
????????104 ???????????96 ????????????
? ???
? 5?  FBS-DMEM ? 50 μL??????1 ??????? 104 ?????
???????????????? 25 μL???????????????
???????? 1 ????? 25 μL? 2 ???????????????
?? 2 ????? 25 μL? 3 ???????????????? 11 ???
??????????11 ?????? 25 μL??????12 ??????
?????????????????????6 cm ??????????
?????? 293 ???????????????6 mL ? 5? FBS-DMEM
???????????????? 50 μL ?????4, 7 ????????
?? 50 μL ? 10? FBS-DMEM ?????11?13 ???????????
???????????????? Karber ?????? TCID50 ??????
?????? TCID50 ?????????? PFU ?????????
TCID50=PFU ?????????????????????????PFU/mL?
???? 
? Karber ??: TCID50=?1 ????????×??????Σ-0.5 
 
 







? 1.? ????????????????? 
Adenovirus vector Titer 
Ad.CAG-mMyoD 1.0×109 PFU/mL 
Ad.CAG-mMyoD-ires-EGFP 1.0×109 PFU/mL 
Ad.CAG-EGFP 1.0×109 PFU/mL 
Ad.CAG-mMyoD-ires-Cherry 2.5×109 PFU/mL 








? ???? ? 
 
? ?????????????????????????????????
Ad.CAG-mMyoD ????????????????? RT-PCR ??????
????????????????????? 2 ????????????
???????????2? FBS-DMEM???????? 0 ?????-2??
?????, 0, 3, 5, 8, 12 ???????? 7?? 
 
  














 ? ?????????? Cell System Corporation?Kirkland, WA, USA???




? ?????????????????????100 ??? Matrigel ???





? ???????????????MOI?Multiplicity of infection?30?? 2?  
FBS-DMEM 200 μL???37??5? CO2 ?????????????1 ??
?????15 ???????????????????????????
???????1 ?????????? 2? FBS-DMEM ??? 1 mL ???
???3????10? FBS-DMEM 1 mL?????????2???????
??????????????? 1 mL ??????0 ???? 
 
???? RNA ?? 
 
? RNA ?????????????????? 0 ?????-2, 0, 3, 5, 8, 12






? ???? RNA ? PrimeScriptTM reagent Kit?Perfect Real Time? ?????
?, ??, ?????????????cDNA ????PCR ? Takara Ex Taq?
???????, ??, ????????????? 94? 2 ???????
??94? 30 ???????????????????? 30 ???????





















? 2.? PCR ?????????? 
Gene name Number Cycle Ann. Temp. Sequence 
hβ-actin 30 55 CTCTTCCAGCCTTCCTTCCT 
?  ?  ?  CACCTTCACCGTTCCAGTTT 
mMyoD 30 55 CTTCTATGACCCGTGTTTCGAC 
?  ?  ?  CTGGGTTCCCTGTTCTGTGT 
hMyoD 30 61 CACTCCGGTCCCAAATGTAG 
?  ?  ?  TTCCCTGTAGCACCACACAC 
hCK-M 30 55 ACATGGCCAAGGTACTGACC 
?  ?  ?  TGATGGGGTCAAAGAGTTCC 
hMyogenin 30 64 TAAGGTGTGTAAGGGAAGTCG 
?  ?  ?  CCACAGACACATCTTCCACTGT 
hMHC 30 61 CTGCTGAAGGAGAGGGAGCT 
?  ?  ?  TGATTAGCTGGTCACACCTT 
hDystrophin 30 61 GATGCACGAATGGATGACAC 
?  ?  ?  TGTGCTACAGGTGGAGCTTG 
hMyomaker 30 61 GAAGGAGAAGAAGGGCCTGT 




? ???? ?? 
 
? ????????????Ad.CAG-mMyoD ??????????????








Ad.CAG-mMyoD ???????????????? 0, 3, 5, 8, 12 ?????
??????????????????????????????????
?????????????[32, 33]??????????????????
hMyoD ???????????????????? mMyoD ???????
???3 ?????????????????MyoD ??????????














? 8.? Ad.CAG-MyoD ???????????????????? 
Ad.CAG-MyoD ??????????????????????????????
?????????-2, 0, 3, 5, 8, 12 ??? RT-PCR ??????????? 
































????????? C2C12 ??????? 
? ???
 











? ? 5 ?-? 2 ?−?????? 






???????????? ? ??? ? ?????????????? ?????
???????????
? C2C12 ??? 2.5×106 ?/??????? 4 ??? C ??????????
???????????? 10? FBS-DMEM ??????????????




? MOI 30 ???????????????Ad.CAG-mMyoD-ires-Cherry ?
?? Ad.CAG-Cherry ??????????????? 2? FBS ?? DMEM 
1 mL ???37??5? CO2 ?????????????15 ???????
??????????????????????????????????
?????? 2? FBS-DMEM 4 mL ????????????????10? 
FBS-DMEM 4 mL ??????????????????????????
? ???














? ???????????????????? 2 ????????????
???????? 2 ?????????? 2 ??????????????











?????? 5 ???? 1 ???????????150 V, on 3 msec, off 997 
msec ?????? 1 ???????????????? 10A ??
Ad.CAG-mMyoD-ires-Cherry ?????????????????????
??????12 ???? C2C12 ????????????????????
?? 10B??1 ?????????????? Ad.CAG-mMyoD-ires-Cherry ?











? 10.? ?????????? 
(A) C2C12 ?????? 5 ???10-20 ?????????? 
(B) Ad.CAG-mMyoD-ires-Cherry ????????????? 14 ??? 









































































???????? Fluo 4-AM ????????? 495 nm ?????518 nm








?????????? 11?????????????? ??? ATP ? G ??












? 11.? ???????????? 
? ???
 
? 12.? ????????? 
?????????????????????? ATP?4-CEP?4-CmC ?????

















??500 μM 4-chloro-3-ethylphenol?4-CEP??? 
? 0.783 g ? 4-CEP?Sigma-Aldrich, ??, ???? 200 μL ? DMSO???
?????, ??, ???????????? Recording Medium?Fluo 4-AM 
special packaging® kit?????, ??, ???????????? 10 mL ??
?? 
 
??500 μM 4-chloro-m-cresol?4-CmC??? 
? 0.71 g ? 4-CmC?Sigma-Aldrich, ??, ???? 200 μL? DMSO ?????
???? Recording Medium?Fluo 4-AM special packaging® kit???????
?? 10 mL ???? 
 
??100 μM ATP ?? 
? ATP?MP Biomedicals, ??, ??? 60.5 mg ? Recording Medium ???
???? 10 mL ???10 mM ATP ????????10 mM ATP ?? 50 μL
? Recording Medium?Fluo 4-AM special packaging® kit???????? 5 mL





? ???????????? Fluo4-AM special packaging® kit ???????
??????????????????????????????????
??Fluo4-AM ???? 37?? 1 ???????????????????
? ???
???????????? Recording Medium ?????????????
???? 10 ??????????????????????? 500 μM 
4-CEP, 500 μM 4-CmC, 100 μM ATP ????????? BZ-X Analyzer
?Keyence, ??, ??? ???????????????? 15 ?????
????????????????????????????????
Student’s t-test ???????P < 0.05?????????????????? 
 
 





???????????????100 μM ATP?500 μM 4-CEP?500 μM 4-CmC ?
??????? 13 ??????????????????????????




4-CmC ????MyoD ??????????????MyoD ???????
??????????????????????????????????













? 13.? ??????????? 
(A) ????????????????????????????Scale bar = 100 μm? 
(B) ??????????????????????????????? 15 ????
?????????? 
(C) ??????????N=15?*P < 0.05? 











???????????? 15A????????????? MyoD ????
????????????????????????? EGFP ??????









? 14.? ???? 
?????????????????????????????????
(A) ?????????? 
(B) Ad.CAG-mMyoD-ires-EGFP ??????????? 
(C) Ad.CAG-EGFP ??????????? 
 
 





? ? 5 ?-? 2 ?-? 1 ????? 2 ???? 
? ???????????? Ad.CAG-mMyoD-ires-EGFP ????????








??????????? 5% CO2 ???????????????????






? ???Time-lapse ??????????1 ???? 10 ?????????
???????????????????? BZ-H1M ???????Keyence, 













?? Time-lapse imaging ????????????????????????
???????????????Ad.CAG-mMyoD-ires-EGFP ???????
















? 15. ?????? 
(A) Ad.CAG-mMyoD-ires-EGFP ??????????????????????15 ?
????????????????????????????????Scale bar = 100 
μm 
(B) Ad.CAG-mMyoD-ires-EGFP ?????????????????????




























? ? 5 ?-? 2 ?-? 1 ????? 2 ???? 
 
???? ? ? ??? 
 
? Ad.CAG-EGFP ?????????????? Ad.CAG-mMyoD ????
????????????? 1 ???????????????????
?????? 1×105 ??????????????? 
? ???
???? ? ? ???? 
 
? ???? 7 ????????????????????????????
??????? PBS ????2???????????????????, ?
?, ?????? 0.1?????-X????????, ??, ???????
???PBS ?????2? FBS-PBS ????????????? PBS ??
?????????????????????Leica Microsystems, Newcastle 
Upon Tyne, UK?? Can Get Signal immunostain solution A????, ??, ???
???????????:solution=1:200??????????1 ???????
PBS ?????Alexa-594 ???????????Invitrogen, ??, ???
? solution A ???????????solution A=1:2000??? 1 ???????
PBS ????????????????????????????????? 
 
???? ? ? ???? 
 





? ???? ?? 
 
? Ad.CAG-mMyoD ?????????????????????????


































??????????????????DMD ?????????? mdx ????
?????????????????????????????????????





























































































































? EcoR?? ? ? ? ? ? ? ? ? ? ? ? ? ?    ?????? 
? EcoR?    ??????????????? 
? Sma?      ?????? 
? Not?      ?????? 
? Smi?      ?????? 
? BamH?      ?????? 
? Xho?? ? ? ? ? ? ? ? ? ? ? ? ? ? ?   ?????? 
? Sal?? ? ? ? ? ? ? ? ? ? ? ? ? ? ?    ?????? 
? Sca?      ?????? 
? Hind?      ?????? 
? BspT?      ?????? 
?  
?????? 
? ???????     ??????? 
? ???????     ?????? 
 
DNA ?? 
? GENECLEAN? ? Kit     MP Biomedicals 
? TE ???????     ??????? 
? ?????:??????:?????????? ??????? 
? ??????     ??????? 




? Klenow Fragment     ?????? 
? Mung Bean Muclease     ?????? 
? DNA Ligation Kit?Mighty Mix?   ?????? 
? Adenovirus Expression Vector Kit   ?????? 
 
???? 
? ??????????????                  Cell System Corporation 
? C2C12 ??      ATCC  
? HEK-293 ??     ATCC 
? DMEM(High Glucose)     ?????? 
? Fetal bovine serum     Biowest 
? ???????????????   Sigma-Aldrich 
? GlutaMaxTM supplement    Invitrogen 
? Matrigel      Corning 
 
?????????? 
? Hily Max      ???? 
? ??????     ??????? 
? HEPES      ??????? 
? EDTA      ??????? 
? Glycerol      ??????? 
 
RT-PCR 
? Nucleo Spin? RNA? ? ? ? ? ? ? ? ? ? ? ? ? ?  ?????? 
? PrimeScriptTM RT reagent Kit (Perfect Real Time)?   ?????? 





? Fluo 4-AM special packaging kit                       ???? 
? ATP? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?   MP Biomedicals 
? 4-chloro-3-ethylphenol? ? ? ? ? ? ? ? ? ? ? ? ? ?  Sigma-Aldrich 
? 4-chloro-m-cresol? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?   Sigma-Aldrich 
? DMSO      ??????? 
 
???? 
? ??????????    ??????? 
? ????-X      ??????? 
? ????????????? NCL-Hamlet-2?          Leica Microsystems 
? Alexa-594 ??????????   Invitrogen 





???   ????  ?? 
 
???????????? ASTEC   Bl-516 
?????   Mupid   Mupid-2x 
CO2 ????????  Thermo    Forma ?????3110 
??????????  UVP   DigDog-It System 
???   KUBOTA  5220 
????   Beckman Coulter  L-80XP 
?????????  ASTEC   PC320 
pH ????   HORIBA   D-51 
?????   OLYMPUS  IX71 
??????   ?????  EPS-1001 
? ???
?????   KEYENCE  BZ-8000  
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